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REMARKS 

Entry of the present amendments and constderatson of the remarks which follow are respectfully 
requested by Applicants. 

Claim 1 has been amended to eliminate the recitation of* v nT and 1 1 in both the chemical 
structure and the test. No new matter has been added. 

Claims 1,3,21.22,31, 33-37, 48, 49, 52, 54, 56, 59, 66, SL and 82 are currently pending for 
examination. 

\n;a nd' cnl ui im/ r>i hip 

Applicants again request amendment of inventorship due to amendment or cancellation of 
claims. Applicants request that the name of the p i-or identified below be deleted from the hst of 
imentors, and they acknowledge J r,a,o s me -o\ no lomv" K-mg churned in this 
nonprovisiorral application. Please delete the following name; 

Richard Ten}- ftaot 

The Examiner did not approve Applicants' previous request lor change of inventorship to delete 
Richard Terry Root as an inventor for the reason thai the fee to charge their deposit account was not 
authorized by Applicants. That authorization, however, was expressly given just above the signature of 
the undersigned agent in Applicants" response bled on 1 1/1/06 and is herein repeated on the first and last 
pages of the present reply, 

Ji d continues us be a question regarding audumzatton to charge trie to deposit 

account lor the lee required trader 3? CFR 1 .1 ?(fh die Examiner is invited to telephone the undersigned 
for authorisation:. 

Cictm-* aiddu'c 'ui tKeud imu ^Im t, EH 1-oVp.npulio iulu m ui i 
' ti mi iopmt i mn p m ou endmmm b <J m t >. mm v v i L f> a jh n t i ibistb 
mention In, Kjt ties e e-- i , . > 1 

triable* when "m" i defined; 0 id 1 i defined as 0 carboi norms 
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Applicants have now amended claim 1 u delete the recitation of the variables m and I both 
in the text and in the structure drawn, and thc\ mspecPhih rcque-o the ImatmnerA recur- deration oi the 
rejection. 





Claims i and 3 have again been rejected onoe 35 TJSC §112, hrst paragraph, tor the reason 
itaied in pa j - i < h 1 e <■ c < u um 

enablement- in the specification for the preparation of the compound of claim i where the linker "IA is 
absent (as required by the definition w'lh 

Applicants traverse and argue that their specification does enabk instances where "If' and Arf 
can 'be zero. An example where m is 0 -> m ether linkage, winch is described in -pnln ml 
specification on. page 1 3, paragraph fOOA-A hnc 6. further, enablement for an instance where l 'V is 0 
and An" is 0 n >cu n on page 13, p. t l >n, h ( o' A which teaches ; ,ms n,' a compound according to 
paragraph {Otto j where V is 0 and An is 0 For reference, a page s attached hereto showing die 
chemical pathway i id w t» d m >, r uaph | Kb 3 j I he < \am ei re oi mdeia ion A the ten A on in 
icvpcettulh requested by Applicants. 

Rej ,000 '. UH! 1 t M _ \V > 

thorns < 2, 23" * h ^07,4^49,52 54, 56, 5 l > 60 * a*d » > have agsn heci .earned 
itudt MX pi i jo ( oh i a \ j i i. i o t < nn i he -,, eer u s t 

lorom! •n.Jinii wtih v uuh igot j > k Os no Aiivtis itn \ e i a > s d >poe sab with Bteunm a 
ah Ai MA i inn Bi r ) he th i m m t n u mi d iph ! 1 >! l M iv A i t 
Office Action. 

T A r i v ot persuaded by Appi a o oi e tt tthere isn* nmuwoo t to 

combine the prior art as set forth in Applicants' specification with that of Vieriing and optionally with 
Bieniarz because the teaching of Vieriing deals with prodrugs, i.e., drugs that are designed to he unstable 
m hcbnuyiue k> ekuse c e i it). 

AppAams o\ ^i.ihi p.n ; tin AfkJ u-s t r would imt p cd> Mi t tin ieae t iry < t a 
hydroxy function in one HIV protease inhibitor 1 necessarily be n same to j hydroxy group in 
in iV protease inhibit ; t >. < oil ea nehonalh 

die 1 IVpnre f::e-e. c ^gmfieari strucmra 
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differences between >pm - t ibject of the Appht > invention and the inhibitors saquinavir and 
indinavir used by Vierbog, primarily on the ends of the molecules. 

The inventors nave seen, in an attempted acylation reaction targeting the central hydroxy group of 
lopinavir, under conditions that would be expected to give at least .some product, reaction at the nitrogen 
at the tehahydro-pyrimid-2-y! moiety. That this nitrogen h reactive has been shown by Sioner. E. et a.L 
Organic Process Research & Development 4, 264-269, 2000 (copy attached hereto}. The Stoner article 
would indicate to the < 1 i t e 1 j ) i 

reactive Ni l because intermediate i I (Scheme a, page 266g once formed, was unstable and gave rise to 
polymers, in order to get a polymer, there has to be another reactive group in the lopinavir precursor 
(compou < 5}. and ' ocihio, > kmouu c \ i il > imvir d -erne v p o'.Oi d the ivaetoe 
jydroxs in indinavi using a well-known method but Vierhng did not teach hat to do about tht 
reactive NH group in lopinavir. 




Saquinavir 



The dwekware cP Ihumr/ dues nut nuke up for the deficiencies of \ tu hig n Tm regard, 
v 0 } i w ijiia ! to o t|iui la r n of j i hi l i 
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and tha* J f \ammer\ cai>e toiyo; , '« om^L,^ ru*. tha^ not hen nasi*. 1 tc> tosp^tU K 

Applicants submit that thesr application is now in condition for allowance, and favorable 
reconsideration of their application m light of the above amendments and remarks is respectfully 
requested. Allowance of claims 1 , 3, 21, 22, 31 , 33-37, 48, 49, 52,. 54, 56, 59, 66, Si. and 82 at an early 
date is earnestly solicited. 



The examiner is hereby authorized to charge any Tees associated with this Amendment to Deposit' 
Wurnt \e. if >-J>\ \ J. ^ , lie i.»p\ <>,< ,V Nice: >s enclosed 



* * * * * * 



Respectfully submitted. 
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' _ cal r- _ i[ i_ 

j.Q0S3j Yctancfitef r r tnt of r.&ciimeni to She HI V protease 

inhibitor is to first treat the target hydroxy! or amine function with phosgene or thtophosgene la gi ve an oxyeariwiyl chloride or 
oxvthiocarboriyi chloride 'The latter intermediates react readiiy with amines ;o give uretha.nes. ureas or thioureas.. Alternate 
i i> ^ } i i i : ' 'oiii 1 i) ea^t -i in a.ih 

Treating target hydroxy! with phosgene or thiophosgerie gives an oxycarbonyl chloride or 
oxythiocarbonyl chloride. The latter intermediates react readily with amines to give urethanes. ureas, or 
thioureas:. 
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Synthesis of HIV i*r ©teas® inhibitor &BT-378 (Loptnavii) 

Enc ) Stoner.* Arthur J. Cooper,. l>as»c! A Dscttrean, Lawrence KolacitkowsM. John K I.aHaman. .fih-Rtia Liu. 
Patricia A. Oliver-Shaffer. Kctan M Patel, Joseph 0. Patetson, Jr., Daniel J Plata, David A. Riley, Umg. L. Sham. 
Peter J. Stengel, and Jien-Hch J. l ien 

-ItftVotf Laboratories. 140; ShmUm Rom, Norsk Chicago. {Uimix 60064-632?. US. A. 



A targ* scale process for the synthesis of Hi V proteose tottibitor 
candidate ABT-.V78 has been developed whirh a(ilj»«* an 
irttermerfsafe common to the synthesis af ritonavir, Abbott's first 

!{<<«er8fi«n cmwpoimrf. Tht <sy«fi»t>*i « relies nn *«^«t*»ti*l 
asylatten of !his intermediate whkh is sarrkd through as a 
miirtiir* of diasfewnme-rs until tile nimi!i!,m3fe step. A synihesis 
af sctti 5, derived from n-vsiine, is also reported. 

Intr stetson 

Tim approval of the first KiV protease inhibitors :r> early 
1996 provided the world witi; powerful new weapons in the 
llgiil against HIV. the vttus tesptmsiUie fwi AIDS ' HIV- 
protease is an enzyme critical to the life-cycle of the yirus, 
and its inhibition disrupts vtrai replication, resulting m the 
formation of immature, mminjkvUom viral particles. 3 When 
protease inhibitors, .such as Abbott's ritonavir (I)* (Notvsr), 
are combined in "drug cocktails" with reverse transcriptase 
inhibitors (RT(), they cart be extremely putem in redueing 
Hood levels of HIV Howmr. this eliniea! benefit «,,•»„ 
eventually degrade due to the development of «tvg-fes;statv*e 
arising from predictc&io mutations in die virus.'' Additionally, 
modest oral bioavailability and short plasma half-life neces- 
sitate frequem administration ufhigh do&es io maintain the 
necessary antiviral effect. The next generation of protease 
inhibitors muss be designed to address these sssti.es, and 
substantia! research continues 3 
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Ptm\kU\i rerhJrts of Ab&ott's next j-enctation protease 
inhibitor candidate. ABT-378 (2, icpinavir), have recently 
appeared."* " This e..nr:poap.«. '.'.fs-rn co-admin:irered with 
m«ch stssalier doses of ritonavir {!), shows stibstannaily 

bc-tc: !>.v»av.»;l«b;:it> a:;4 avtivtt;. j^aiiiAt «,i:.J-Mi.i;{i H|V-i 

and ;cr;a!.; n;ota;iot;.s ; : ;a;s t^t :v;v : ; -Vlc'ttionaiiy. high 

pit«»t;;a levcis uf AMT i 's can -e rf,atf>tatn.««i with mi.t.h 
■iivi.iiier d<:.scs ofdrajt. potentiaiiy obviating many of thestde 
effcer.5 chr.! compromise adherence by a patient to a treatment 
regtmen.* 

The rapid developmtsm of ABT-378 (2) required she 
p;ep;ir p. .-lisrsdieatit tiviant.ncN .:■( ursiorTTiuitited "bulk" 
drug. Therefore, it was critical for us to quickly discover, 
develop, and implement m efficient, high-yiaiding, and cost- 
efTective synthesis The structural stmtlartttcs between 
ritonavir (l) and AJ3T-37S (2) atlowcd us so take advaattage 
not only of earlier process testate,! but also to potentiatsy 
utiiii-c certain common synthetic intermediates as well 

R&lrosjfitthesis of AST-378 {2} 

Ourgenertil synthetic strategy i.s suminr to that employed 
for ritonavir in which the "core" protected diamine alcohol 
4 is .;e> fated >equer.f;ally with the side chain acids 1* and 5 
(Sehemo I f 

Proteetesi diantino alcohol 4 is readily available in quantity 
from fstonav-.f uianofacionrig/* in that process, ;.- phenyl- 
alirnne is sequentially triberuviated. treated with accfor.itrilc 
anion to produce a cyanotnethylketonc-, and subsequently 
cxptK-ei: :o benzyl mtignesi-an chloride, pwducir.^ a« er.atrn- 
ncsnfc in >WA ee. ::a Slcpwisc-reducrior, of this species 

(a) Sham. :! I.. Ciw*. X S.t„ ty.r. /»..«»; Druxs Sif). »77. 
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produces 4. !< * These {ranstbreucscns y;eid 4 .» a mixture of 
diasteMOmere in which the desired isomer (2$J$.S$) typi- 
cally comprises 89 - '>.>?•;■ <;(' the whole we.!-, o-.e ie;!i4:fi<.1.!f 

being the three undesired diastereomers." In our synthesis 
of 2, this diasttescomerie mixture is used without farther 
purification (Scheme 2). 

%ssth«sis of Seis! 5 

With the "core" of the molecule (4) in hand, «he next 

priority wo-. to develop an efficient synthesis of each of the 
side chains. We were fortunate that acid 3 derived from 2,6- 
dimcthylphenot was available by a modification of a known 
procedure.'- The preparation of 5, however, required more 
efluti 

The original medicinal route to 5 s «,% ■>■-.: id ;>!$ s;x- 
step synthesis starting witti J-amirtopropariol and L-vahne 
methyl ester hydtochlor.de sale, in our improved synthesis, 
i -valine wax first converted it) .V-phenosyesroonyl-L.. valine 
6" with phe«yfcbloroforai«e. Previously, reported syntheses 
of 6 were found to be cumbersome on large scale arid were 
modified." For example, LiCl was added to provide a tower 
freezing point to the aqueous solution which provided better 
control of the reaction. Additionally, LiOH was found td be 
a superior base to oil others employed. Neutral AbOj was 
used to prevent gumming and emulsion formation during 



the course of the reaction which aided in accurate pK 
monitoring Control ofpH was essential as valine dimer (val- 
val dipept.de> and" its ucylatcd derivatives were formed as 
stgn.fivjtit reaction byproducts outside of this optimised pH 

window. 



NsOH, 7K=; 
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T:ir.,;;rtem{ nf S> .v :f d;io;optvp;4.:moie hydrochloride 
and solid NaOH in TIW affords the umsoiated salt of 
eh lory propyl urea 7 ietj I) While both N'aOH and UOU 
facilitate this reaction, KOM appears to cause degradation 
of 6 and is unsuitable. Crude 7 is then treated with KOtBu 
effecttftg eyeiixation to the desired acid 5. The product 5 is 
isolated as a nearly colorless solid in 75 -<s"5% yield and in 
>$9% ee. 

The quality of the 3-chtoropropyiamine hydrochloride 
used is erisiciil Comme.-caiiy prepared material frequently 
contains dark colored impurities which are difficult to remove 
and carry through the entire synthesis: the use of high qualify 
amine is essential' 3 

Subsequently, we explored the above chemistry using 
L-valtnc methyl ester. Utstcrturtately, when this two-step 
protocol was applied to the e^ter, very different results were 
ob;.o.ned for example, exposure of 8 in > chloropropyiamjnc 
hydrochloride and NaOH yielded either hydantoin JO or .:.<< 
u«c.har.tcseri.>.ed dimer <MW 465 with one chlorine atom} 
depending upon the exact experimental conditions icq 2). 
Compound 9 was a putative intermediate 



Is 



H-CO' T 



NaOK THF 



JO* 



Other routes to 5 are currently under investigation and 
w;rt he repotted m due course. 
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Scftema 3 



Scheme 4 
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□CI, BOAc. DM? <f 5~ 
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-100% ph> 



MeOH 
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s of ABT-37S 

Aeyl.'itton of 4 with acid 5 was i.-iinaliy achieved by we!:- 
known jx-pitdi? coupling methods Optimutanon of this 
transformation was investigated m order to discover a more 
Kost-cffcctive method, 

,i >. •>■.:: u . }:'■ ^-OvhiV 

«>j'.sfea«« derivatives. For example, exposure oi S to oxaiyi 
chloride or Uobutyl cbioroformate under standard protocols 
om,o:;ko o-i . ;<-o;;:iu<-r: . ; : ;;oiyr;-oc *Kt 

than the tot red s^-l chloride II. Attempts to trap the 
intermediate anhydrides in sua as activated estm were also 
unSuccsssfui. We were fottuno.se to .find that ihionyi ehSoruiu- 
or phosphorus oxyehioride provided it (sromeaily, a staWe 
solid) in near ^ua;;tiui!ivc yield whriooi a\r..etr:po.vi!i;si.'* 
Aeyl chloride I! is only sparingly soluble in THY; once 
prepared it can be dissolved in DMF and used immediately 
A large number of ba.>es were icrcencd for the coupling of" 
It with 4, and imidazole was found to be superior '•' 

The reaction of dib«fuy!ammo alcohols 4 with acyi 
chloride H in the presence of 3.0 s-quiv of imidazole in 
1-.:C) A;- ar.i! DMK afforded rmiTKiaey latent intermed.ate 12 as 
a mixture of diaste reamers. 1 * This mixture was carried on 
after workup without any further purification and was 
subjected to debcnzylanon with Pd/C and HCOjNH* in 
MeOH at 50 °C {Scheme 3). The delxiiawlaiion leading to 
13 was clear, and without significant complications.'* We 



V A mote osutat-J <b«\»»:x> .tfew ..}?«. ::/*v»3 at *•< :«<!:«.- «t »>».i.;b: 
S:«wr, g. J ; Cowptr. A J.; Swogrt. f .' «><■ ■-•-••<:«-. /te*. >W. 
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were able to achieve similar debewylutions with hit: in 
the presence of forotic acid or hydrogen gas; however. Use 
protocol described was the most reliable and amenable to 
large seal-.- synthesis. At expected . the avylatio" arid dehun- 
zylations leading to S3 had no appreciable effect on the ratio 

•jfdtwsASvWWU. Ai-iatc Y3 *•» idviiiliWd as the most logical 

point for improving the di.istereomerte purity. 

KxfensMvc screening on the purification of 13 by the 
formation of a d.astcrcoirtenc salt yielded a practical 
procedure. More than 30 acids were screened in a variety of 
solvents before one was found which gave the desired 
purification combined with a high recovery of w isolable 
solid P.xposure of crude J 3 to .V-?-pyrrouiior,e-S-carho\-y!ic 
acid fs.-pyrogiutam.;c acid) (14) in dioxane a; SO °C foiiowed 
by cooling, allowed for the isolation of 15 as virtually a single 
diastcreomer in high yield (ecj 3). Although dioxane was used 
in our early preparations of salt 15, lite safety hazards 
associated with its use required the search lor an alternative 
solvent system. We subsequently found that mixtures of 
EtOAc and DMF worked nearly as well. 



With acre 15 m hand, the second acylation was under- 
S3k«n. fn analogy to our earlier aeyiabon experiment;, with 
1 ) , we found the simplest approach was the most effective, 
and therefore atyl chloride 16 was prepared from, acid 3 
Expcsi.re of salt !5 acyl chloride }6 under heterogeneous 
; Schottc.n B.v,;.o-.inr ; > i-ca,.;;or con-.;::;..-ns m the ptc»ence of 
Nat ICO;, afforded 2 in high yield sod purity The only 
Significant impurities in the crude acyiatton mixtures were 
idcr.tificti as ftiuiilpiy acylated derivatives present in trace 
quantities only {Scheme 4). 

Although pure A.8T*378 {2) can be obtained by recrys- 
iaiiuatio:- from mixtures of e:;iy; acetate in heptane, small 
airtouriK of solvenr are rata. nee! in the isolated solid. Removal 
of the ftna: traces of solvent proved exceedingly difficult 
; ..!:>;.-.,; ifia; milling (to renii-.-.c ; art:..ic 



M*e) did no; faoi-ttar? .rs conipicse remov.:; A .-.econ.djrv 
isolation procedure has. been developed in which crysialfwe 
2 is firs? dissolved in ethsno) and then added slowly te> a 
significamiy larger volume of rapidly stirring water. The 
resulting slurry of partially amorphous; 2 is isolated by 
filtration. This solid is dried virtually solvent freo and is 
acceptable from a formulations standpoint. 

By this lour -step procedure, ABT-378 is produced in 5K% 
overall yield from d-ammo alcohols 4 i.'td ,;:*tg commonly 
available magenta and tonus; reaction eorxshtons. this process 
is amenabis to large-scale production arid has been used to 
prepare muhi-kilogram quantities of ABT07S (2) m >W» 
de {see Scheme S>. 3 * 

£gpfc*ifK«stai Section 

Mdnng points were measured with a capillar)' apparatus 
and are uncorrected. Ali IR spectra were measured from KBr 
pellets. 'K NMR spectra were taken in CDCi 3 unless 
otherwise mentioned with CHCis (7.26 ppm) used as at! 
internal, standard. U C N f Ml* were taken in CDGj, unless 
otherwise mentioned, with CTW.U « 77.00 ppm) used as an 
interns! standard. All reactions a etc peri'e.tmec <;ndcr i 
positive pressure of nitrogen. Solvent concentration was 
accomplished by rotary evaporation -20 mmHg, with the 
bdti; letnperature ncv« «Aceedit>e 4.5 *C. Commercial grade 
anhydrous solvents and reagents were used without further 
purification unless otherwise specified. Unless otherwise 
specified ail reactions were monitored by KPLC with panties 
being detenrsmod by pe.ik ;<;ea * ;-. a: 2b-: :;: < : ^iisnoi-.s 
and microanalyses were performed by Robertson Mierolit 
Labs. In the case of compounds winds were isolated as 
mixtures of diasteraoniers, the spectral data presented 
represents the major, desired isomer. 

.'V-PhetioxyearbonyJ-l.-v*iifie <6). L- Valine jlMO g, 
0 854 moi, I equiv). LiCi (60.0 g, i.42 mol, I 66 eouiv), 
neutral aluminum oxide (32.0 g, 150 mesh,!, and 600 mL of 
water wen: charged to a .suitable react-on v«a*cl and cooled 
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WSli* Compound >7. ^hio results 
c&ti«t»:l ut'soiS S. :S kfluw* lr> us, hi! 

aa jwwevs w-j;oeii«aj. ' UaMwu 
of the imSraa »)N <2«.J#.S«> w 
i ate ivpiu-jlly <« ;%. Unni men: is » i 
-Aim it-.-, Kpteuan* ■»« K »f*t limit 



to -14 °C. The vessel was fitted with a pH probe, and the 
cooed suspension was adjusted so pH 10 using a 3.2 M 
solution of LiOM Pheny:ehle*8-»formaie ( 140. a g, 1).!?06 moi, 
1.05 equiv) precooied to -20 S C was added. Additional 3 2 
,i/ solution of LiOH wait added slowly to maintain the pH 
between 9.S and 1 0.0 during the reaction. During the course 
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Control of pH is critical so avoid the formation of dirr 
species. 

After S >; »,<> :-iJi w;thi:t7«t«S, ami ;il! tjfth:' sinning rraierbii 
had been consumed. The whi tc suspension was then filleted, 
and the collected solids were washed with 160 mL of water. 
The aqueous phases were collected and washed wish 320 
mL afmethyi-ter?- butyl ether. Toluene <.8«0 mL) was added 
to the aqueous layer which was neutralized to pH «j 2 with 
concentrated H 3 SG 4 . The organic layer was separated and 
concentrated in vacuo at below 50 "C The residue was 
dissolved in 300 mL of toluene at 4Q *C, filtered, and treated 
with 240 mi. of heptanes The product crystallized from this 
solution after cooling to 0 X and was collected by nitration 
after washing wsth IcGsnL of hi (v/v) toluene/heptane. The 
wet filter cake was dried in vacuo affording 188.1 g (93%) 
of 6 as a coiot less solid <>-y<).S% polity by HPLCi, 

(5)«T€trshydro-<i-{t-methylctfeyl)-2-o)i.o-l(2K)-p>Ttia- 
idiricacedc acid (S). A suitable tlask was charged with 
iV-phenoxycarbonyl-c-valir.e (6. 1OO0 g> (1.42 mol, I equiv), 
3 • chioror/.ropysami ne hydroctiior.de io0.5 g, 0.4? rrsoi, LI2 
equiv). and 1000 mL of TilF and cooled to 2 °C. Solid 
NaOH 450.7 g, 1.27 mol, 3,02 equiv) was added to the 
stirring suspension. The reaction was stirred at less than 10 
*C until she valine derivative wass completely consumed by 
HPLC <auout 2 (,). 

A solution of KOtBu (i 18.4 g, 1.06 mol, 2.53 equiv) in 
300 mL of TW was added io the reaction mixture over 15 
min and ihe mietna; tiir.nerati.re -ef ibe reaetion alb. wed io 
tise to 20 a C Stirring was cominued at room temperature 
unt:! lite eyebzsnon was corr.oicto f about IS b). 

The reaction mixture was quenched with $00 mL of 
distilled water and acidified to pH 0 with moeentmvd 
aqueous HCI (~ 100 g) while keeping the temperatore below 
3l> "(.', The aqoeoua layer was sep3raicd and 250 mL of 
ethanes added This aqueous layer was then brought io pH 
3 with concentrated HCI artel extracted twice with ethyl 

.-. 1 .! '/•>•.:: ■ ■".■■.v-w =i-.-,v; h A i.Vv.^lfWW • !6T 
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acetate (;000 mi- and 4iX! ml.). The com timed organic layers 
were evapo.atcd to dtynvss in vacuo. 

The residua} solid was dissolved m 600 mL of anhydrous 
3A ethano! a! reftux, cat t-on -treated to sernovs color, filtered, 
and reduced to dryness in vacuo. The residue was dissolved 
in 600 rt-L of hot ethyl acetate. Approximately one-third of 
she total volume was removed by atmospheric distillation 
3nd the suspension coo-ed to below 10 e C for I h. The 
nrot1t».-! was isolated by iiitranan and dried tn vacuo at less 
Shoe. 4.? "<..'» at;OrC!.';j2 M f; a of at: ofl'-w-hi'-e ;,;;;:d <"'%; 

IR-. 3300, 2960, 25(50 (bf, weak), 1930 <fer, weak), 1720, 
1618, i 335, 1320. 1290 cm"'. >B NMR (400 MHz, d 6 - 
DMSO)- (5 .'2.40 (ors, 1H). 6.18 (hr s. IH). 4,41 (d,7 = 
10 Hz, 3H}. 3.25 Itn. ! H), 3.14 (m, I Hi, .1.08 (app dt, 2!-f). 
2.08 (m, 1H), LS7 {app p, 2H). 002 (d, J-? Hz, 3H), 0.84 
(d,./== 7 H«. 3H) r, C NMR (100 MHz, <&-DMSO* (5 173.1, 
155,8, 61. S. 41.7. 393. 26.6, 21.S. 19.8. 19.0.}. MS (.00/ 
NHj). 201 (M i- H) ' . 218 (M t NH«)* Anal. Calcd for 
CH.iNjO;: C, 53.99, H. 8.05; N 13.98. Found; C, 34.00; 
H, 7.96; N 14.11 

| \S~\ l#«{fi~>J8»,4H "ti-^-H-Sbi^phenyttntrhyOJUWiurd- 
3-hydroxy-5-ph«j)yl-l-(phenylrr<cthyl}|Mmiylj^tra!tydro- 
a-(5-metfeylethy5>-2-aM»-l(ZH)-p)ylrialdlneacetamide{t2). 
To a suitable ttask equipped with mechanical stirring was 
charged acid 5 (35.2 g, 0,176 moi, 1.02 equiv) and 480 mi 
of THF. The resulting suspension was cooled to 4 C C, and 
thionyt chloride (28.6 g, 0.340 mol, 1.37 eqiuv) was added 
drppwise over 10 mm. The resulting sfuek slurry was warmed 
to room temperature and stirred for 5.5 h, at which time 
HHX revealed complete consumption v)f the acid.* 2 Tlie 
reaction mixture was reduced to dryness in vacuo. Heptane 
(250 mL) was added to the residue and the siyiiry agam 
reduced to dryness in vacuo The resictot solid acyt chloride 
U was then partiatiy diSio.ved m ! ?{; v'' dry L'Mr. 

Ethyl acetate (50 mL) and 80.0 g (0. f 72 mof. 1 .0 equiv) 
0f4 {combined HPl.C purity of the 4 diastcteomers is >93% 
with the desired isomer present in 87%) were charged to a 
mechanically .stirred reaction vessel. The soiiinon was cooled 
to 2 *C, and 36 0 g (0 520 mot, 3.07 equiv) imidazole *;k 
added. To this reaction mixture w.«s rap:diy addeo the flurry 
of i 1 prepared above. The reaction mixture was stirred at 4 
*C for i ft and subsequently warmed to 30 - ; C overnight 
Tits mauion mixture was then quenched with a solution of 
1 <-o.Kvr.--.iled aqueous 'h 2 <>f w.Uer 

After (he solution was mixed for 30 mm, the organic layer 
was separated and washed three times with 250 ml of 
.saturated N'aCi solution. The organic layer was then evapo- 
rated to dryness in vacuo, producing 96.4 g of 12 as a foamy 
off-whifie solid yield) Crude 82 assays us >94% pure 

by HPLC (combined total of 4 diastereomcrs). 

1R. 3.38! (br j, 3060, 3026, 2950, 2932, 2869, I'HS (w), 
1874 fw), |797(w), 1643 is-}. 1S09, 1496, 1452, 1307. 748. 
699 enr'. ! H NMR (400 MHz); r> 7.08-7.37 (m, 20H). 
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6.76 jap? d, ./ - 7.6 Hz, IH), 4.94 (br s. Illj, 4.29 (app u, 
J"'= !0 8 Hz. Hi), 4,07-4.21 fffi, IHj, 3.«6 (app d, ./ = 

13.2 Hz, 2H), 3.61 {dt. J ~ 2.4. 8.0 Hz. IH), 3.39 (d. J = 
13.6 Hz, Ml 3 0l"3.i5(m, 4H), 2.93-2.9'i (m, 1 H>, 2.60- 
2.82 (m, SH), 2.15-2.24 (m, 1 H), 1 .67- 1 75 fm. ! H), 1.53- 
i .66 (app dot, 2H), 1.51 isc-pe, J = 7.6 Hz. iH), 0 87 (app 
d. J « 5.6 Hz.. 3H). 0.84 «pp d. / - 5.6 iiz.. 3H j. 1 'C KMR 
(100 MHz): A 170.4, 156 7, 140.5. 139.3, 13S.6, 129.4, 
120.3, 129.1, 128.-6, 128 5, 3212, 127.2, 12-6.2, 126.0, 69 i 
i'CH), 64,0 (CH), 63.0 (bt, CH). 54. ! (CH- 1, 49 3 (CH). 4i.5 
{CUi), 40.8 (hr, CHa), 40 2 iCHj), 39 8 iCH 2 ;, 3 1.7 (C.H>). 

25.3 (CH). 21.6 (CHJ, 19.6 (CHjj, 18 7 <CHj). MS tDC!- 
NWj) 647 (M + M). " Atial. Calcd for UiHjeNdJ*: t . 76.12; 
H, 7.70; N 8.66. Found. C, 75.92; H. 7.84; N $.63. 

!lS-(I^ s (/c*) r ?ir*.4if*il.A^4^m(no-3-hyd{oxy-5-phen- 
y84-(phcoylm«thy{)pen.MUc!rahydro-ci-{l-f!>ef:hylathyl)- 
2-oio-H2H>-pyHmidii?eacetsmldt' (13). A 1-L, three- 
necked, round-bottomed flask equipped with ms»-h.mical 
stirrer, reflux condenser with nitrogen inlet adapter, artel a 
(hermomoter was charged with 55 .7 g of crude 12 (0.086 
roof. I.Oequiv), 15.1 g of arnmoawm formate (0.239 moi. 
2.78 equiv), 10.4 g v>f 5% wAv pjliadium «« warbon (50% 
wet), and 260 ml. of methartol. The reaction mixture was 
heated to 50 »C overnight at which time HS*LC analysis 
revealed complete consumption of ihe sianvag material, The 
reaction mixture was filtered through a pad of diaiomaccotis 
earth which was washed once with 250 mL of methanol. 
The combined filtrates were reduced to dryness affording 
4 5 0 a- of a y«H«w syrup ( 1 04%). 

IR 3315, 3060, 3027. 296!. 2869, 1643 (st). 1509. 1452, 
1307. 701 sm-K ! H NMR (400 MHz)- <5 7.14 7.31 (m, 
10H), 5.21 (br s. IH), 4. 1 1 -4.35 (m. 2H), 3.54-3.58 (app 
sextet, J - 4 Hz, IH), 3.1.5 -3.35 tor m, 2H), 3.05-3.14 
(m, IH}. 2.91 -3.01 (m. 2(1). 2.61-290 (m, 4H), 2.53 (dd. 
J = 9.6, 13.0 Hz, IH), 2.15-2.24 (m, 2H), 1.71-1.85 (M, 
3M), 1.53-1.64 (M, }H), 1.40-1,51 tm, 1K>, 1.31 (d,/ = 
16.8 Hz, 1 H), 0.91 fd, / - 6.4 Hz, 3H), 0.84 (d, J - 6.4 Hz, 
3Mi. :i C NMR (100 MHz): r) 170.5. 156.8, 139.2, 538.6. 
129.5, 129.4, 129.1, 128.7, 128.6, 128.4, 12S.3, 126.4, 126.1. 
71 5 (CH), 64 6 (CH), 56 3 (CH). 48.6 (CH), 41.5 (CH,), 
40 8 tCHj), «0 0 (CH-;), 30 5 ,CH ; i. 38.9 (CHj), 25.3 (CH), 
21.6 (CH,-), 19.6 (Clh), 18.5 (OH! MS (0SM ) 447 fM + 
Hr, 489 (M - Nar- MS (ES n 465 <M - Hj . Anal Calcd 
for C ; d.i M Nd.)j. C, 69 50, H, 8.21; N 12.01. Found: C. 
69.58; H, !v 1 1 65. 

{ iS~HJt*W*)3B*M* |i-,V'H-aminrK3-hydn»y-5-phert- 
yJ~l -(phenylmethyOpeutylitetrah ydro-a-( i -meshy tethyi)- 
2-«xo-l(2H)-pyriniidincacetssmide, 5-Oxo-i -piaiin? salt 
(IS). Crude 1.3 (37.3 g. 0.080 mot, i equiv) was slurried in 
150 ml, of 1,4-dioxane at room temperamrc. The diosanc is 
stfbsequeedy «t«oved in vacuo, and 370 mL of damns was 
charged to the flask. :1 Solid L-pyraglutamic acid (14) (10.3 
g, 0.0SO mot. ! oquiv) was added and the susjjensicin heated 
to 50 *C. w hich resulted in the formation of a clear, yellow- 
colored soluuon. After I h at 50 *C, no solid was present, 
and the solution was slowly cooled to room temperature 
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overnight. During this ttme the solid product IS precipitated 
»ui uud subwruueuUy mikcicd by A&auun. The solid 
product was washed with 100 mL of dknar.c arts dned m 
vacuo ai 60 "C with a strong N ; purge to afford 3i>.2 g ot 
colorless 15 (74% yield). The solid assays as >98.5% pure 
by HPLC: a small amount ofdioxane is also present 

iR: 3400 (bn, 3061. 3522, 2962, 2>s67. 1659. 1586. 1512. 
1452, 1306, 701 cm"'. 'H NMR (400 MHz. CDjOD): A 
7 13-7 38 (M ; 10H). 4.23-4.28 (m. IH), 4 19 (d, J - i! 
Hz, iH), 4.05 (dd, 7 - 6. 0. 8,4 Hz, iH), .172-177 {m, 1H). 
3.49 iapp dt, 7 - 3.6, 7.6 Hz, IH\ .3.50-3 !6(m, 2H), 3.00 - 
3.09 {m. 2H>, 3.89-2.98 (m, 2H), 2.71-176 (m, IH), 2.53 
idd,J 10.0, 13.6 Hz. 111). 2.33-2.49 (m, IH), 2.26-2.32 
(m, 2H>, 2.03 -2. 1 2 {m, 2H), » .71 - 183 lot, 2H), 1 .63- ! .70 
(m, IH), i. 45-1.5 1 (m, IH). 0.79 <d, J - 6.S Hz, 3H). 0.76 
{d. i - 6.8 Hi, .3H). "C NMR { 100 MHz): d 18! 4, 180.0, 
171.9, 158.7. 139.7, 137.5, 530.71, 130.69. 130.3. 129.6, 
128.6, ! 27 4. 68.1 (CH), 63.0= (CH), 59.6 (OH). 57.? (CH). 
48.6 (CH), 4 ! .6 tCH-), * 1 .0 (CH>i. 40.7 (CH;). 40.69 (CH>), 
37.9 (CHi), 3 i.1 (CH : ). 26.9 iCU,). 26.8 (CH). 22.4 (CH,), 
20.0(CH,), 18 8(011,) MS (ESI -) 467 ,;Mr H)\4&9(M 
- Nar. MS (£SD 465 <M it) Anal, tiled for 
^Jl.NA: 0,64.52; H. 7 61; N 11.76. found. 0,64.54; 
H, 7.70; N 11.34. 

{15-n^*(«*U»*.4ff*ll-^-|4-Ur2,6-<lirnethylpl»en«!ty}. 
ac«tyl}aminoi-3-hydrox>v5«phe»yl-I-(phe«y!m*ihy{)peB. 
tvlKetrahydr^^lHrttethylethySH-oio-UlH^pjTiraitiincsc- 
atarnide (2). Aey) chloride 16 was prepared by the reaction 
of 7.26 g acid 3 (0.0403 mol. J.lequiv). 22 ml. of EtOAc. 
and 5.75 g of tmonyl chloride (0.6483 moi, i.4 eqaiv) at 
re-am temperature. A single drop of DMl ; was added, and 
(he slurry was warmed to 50 "C, eventual Sy affording 3 clear 
solution after 5 h. The solution containing aeyl chloride <6 
was cooled to room tempera sure and held for use in the 
subsequent aeylstion, 

A 500-mt, three-necked, round-bottomed flask equipped 
with mechanical stirring, s pressure-eo,u;i!t?.mg addition 
funnel, and a nitrogen-inlet adapter was charged with 
pyrogiutamme salt 15 (20.0 g, 0.0336 me-i, I cquiv), iSO 
ml. of EtOAc. 150 mi. of water, and 16 1 g of NaHCO, 
(0. 197 mol. 5 8 coutv). The suspension was mixed to dissolve 
the mhtki, and she {otutic-ft ot 1 >> {prepare.! nbc\ ej ^os aeded 
dropwise aver 5 min. After 30 min a; room temperature, 
HPLC shewed uo ucsreucted siaru'ftg material. 

The layers were se.por.tted. and me orgsme layer was 
washed subsequently w«tn it)0 ml. of 5% w/w aqueous 



KaHCOj any 100 ml of water and reduced to dryness ta 
vacuo. The resU!u3; *.:iid was dissolved m 100 mL of EtOAc 
and filtered (the collected solids were rinsed with EtOAc). 

1 he corr.hmed tiltrates were reduced to a loam srs vacuo. 
The foam was dissolved in 105 ml of EtOAc at 60 °C, and 
105 mL of heptane at 60 'C was added. The solution was 
stirred at 60 9 C briefly and cookd slowly to room temper - 
arum After stirring at room temperature for S h, the product 

2 was collected fay flivration. The solid product was washed 
w-itt. 30 mL of 1 I EtOAc heptane and dried in vacuo at 70 
"C for 60 h, affording i 8 8 g yield) of AST- 378 2 as 
a colorless slut Before crystallization crude 2 assayed as 
>93% pure !>} HPi C. otter crystallization >99% punty was 
achieved. 

mp (EtOAfi),** 124-127 °C. (uncorrected) IR: 3413. 
3331 3119, .1:60. 2%6, 16?«, ;r»51 \t>2>\ 1545, 1520. U53. 
1 »89, 701 ens" 5 . 'H NMR (300 MHz): <5 7.30—7. [3 { m , 
I OH). 7.02 -6.92 (tiUHL 6.86 /vbrs, IH). 5.63 <brs, IH), 
4.25 (ai, IH), 4.19 {app d,J ~ 10 Hz, 2H), 4.19 (m, 2H>, 
3.78 (m, app d sept, IH), 3. 12 (m, IH), 3.06 (rn, 2H.t, 2.97 
(d, J * 7.6 H*, 2H), 2.88 (m. I H), 2.S 1 {app ABX dd. -/ » 
14. 5.2 l-tz, 111). 2.68 iispp ABX, dd, ./ = 14, 9 5 Hz, Ai). 
2.23 (m, )H), 2.18 $ss. 6H). 1.83 {», IH), 1.74 (m, 2H), L.53 
(rn, IH). 1 .28 (rn. 2H), 0.83 (app f» J - 7 Hz, 6H) 1J C N'M-K 
(75 MHz): <5 170.7. 168.8. 156.5, 154.2, 138.1, 138.0, 1303. 
129,3, 129.2, 129.0, 128 4, 128 2, 126.3, 126.0, 124.6, ?0.2, 
69.7, 63.1, 54.4. 48.7, 4 1 .8, 4 Li, 40.8, 40.0, 38.2, 25.4, 21.7, 
19 6, 18.7, !6.!, MS (ESI) 629 (M * H)\ 651 (M 4 Na)". 
Am!, Ctleri fm r v H,^i.i.O % - C, 70 66. H, 7.69; N )?91. 
Found: C, 70.26; H. 7.73; N' 8.79. |a]/° = - 22 .85 (c 0.4 
M«OH> 
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